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Table 1
Frequency of Knee OA Features Detected by Radiography and WBCT in Comparison
with MRI.
Feature X-ray vs. MRI WBCT vs. MRI
MRI no MRI yes MRI no MRI yes
Osteophyte Not Detected 73 34 71 6
Detected 0 45 2 73
Subchondral Cyst Not Detected 142 9 140 0
Detected 0 1 2 10
Table 2
Diagnostic Performance of Radiography and WBCT in Comparison with MRI.
Feature/Modality Sensitivity Speciﬁcity Accuracy PPV NPV
Osteophytes
Radiographs 57.0% 100%* 77.6% 100% 68.2%
WBCT 92.4% 97.3% 94.7% 97.3% 92.2%
p-value <0.0001 - <0.0001 - <0.0001
Subchondral Cysts
Radiographs 10% 100%* 94.1% 100% 94.0%
WBCT 100% 98.6% 98.7% 83.3% 100%
p-value 0.0039 - 0.0625 - -
* 1 correctly identiﬁed and no false positives
Abstracts / Osteoarthritis and Cartilage 22 (2014) S57–S489S266radiographs limited ability to compare speciﬁcity between the modal-
ities. Reading each plain radiograph required approximately 5 minutes
(due to features being superimposed in the coronal view), while WBCT
required less time due to greater accuracy enhancing ease of scoring
features.
Conclusions:WBCT imaging appears to be more sensitive and accurate
for detection of osteophytes and subchondral cysts than conventional
ﬁxed-ﬂexion radiography. In addition, the 3D weight-bearing images
also may enable participant-speciﬁc optimization of the joint-space
viewing angle, through customized coronal reconstructions. Additional
study is indicated for assessing diagnostic performance of WBCT
measures of joint space narrowing, progression of OA features and OA
features in the patellofemoral joint.
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Purpose: Morphology (thickness and volume) of articular cartilage (AC)
plays an important role in assessing onset and progression of osteo-
arthritis (OA). Thickness and volume of AC can be measured in different
compartments of weight-bearing and central regions that require
reconstructions of 3D AC models. However, due to local variations in AC
tissue properties, knee MR images obtained from most hydrogen based
MR pulse sequences suffer from low and varying intensity issues that
makes it difﬁcult to segment AC automatically for subsequent 3D recon-
struction. Thiswork aims to reconstruct 3Dmodels of AC by the combined
assessment of 23Na and 1H multinuclear in vivo knee MR images.
Methods: A specialised radiofrequency (RF) coil consisting of two
channels (23Na & 1H) is used to scan four human subjects at 1.5T MR
system that facilitates MR spectroscopy imaging. Two separate MR
pulse sequences namely, 3D Gradient Echo sequence and MEDIC are
used for sodium and proton imaging of knee respectively. Data pro-
cessing has been performed using customised routines written in
MATLAB. Pre-processing of sodium MR images is performed to
extract sodium rich region by re-sampling of sodium extracted slices
to interpolate sodium slices located in the ﬁeld of view corresponding
to proton slices. The product and average of re-sampled sodium
extracted slices with original proton slices produces fused MR images.
Automatic segmentation of AC is then performed in which enhanced
cartilage regions in the fused images are segmented using thresh-
olding (Otsu algorithm). Here, all connected components (set of pixels
that form a connected group) in the binary threshold image are
labelled resulting in the identiﬁcation of all connected groups asseparate objects in the labelled image. Since cartilage is typically
convex in shape, the largest convex shaped object in the image is
extracted in the following step. The edges of the extracted object form
the segmented AC region. The ﬂow diagram of Fig. 2 represents the
steps involved in automatic segmentation. For the reconstruction of
3D AC models, all segmented slices are stacked in parallel and iso-
surfaces are computed to extract vertices and the faces that connect
points of equal elevation. The data in rendered in 3D space to visualise
the 3D AC models. The ﬂow diagram for the steps involved in 3D
reconstruction is also shown in Fig. 2.
Results: Figure 1 shows the visual representation of results obtained at
different stages involved during pre-processing. Figure 1(a) and
Figure 1(b) represents the original proton and sodium knee MR images
respectively that are acquired using a specialised RF coil. SodiumkneeMR
images are then further processed and sodium rich region is extracted as
shown in Fig. 1(c). Since, the size of sodium extracted slices and original
proton slices are different, up-sampling using cubic spline interpolation is
applied on sodium extracted slices resulting in similar size to proton MR
images as shown in Fig. 1(d). Furthermore, fusion of re-sampled sodium
extracted sliceswithoriginal proton slices is performedby localising slices
inﬁeld of viewand taking theproduct andaverage of corresponding slices
as shown in Fig.1(e). The resultant fused slice contains high contrast in AC
region compared to surrounding tissues that were further segmented
automatically by applying threshold and image property operations as
shown in Fig. 2 (a). In this way, all the slices are ﬁrst segmented auto-
matically and further stacked in parallel. Segmented slices are further
processed to extract the vertices and faces using isosurface and rendering
is performed to generate 3D models of AC. In addition, smoothening is
applied on vertices and faces for better rendering and visual representa-
tion of AC 3D models as shown in Fig. 2(b).Fig. 2. Left: Flow diagrams showing steps involved in automatic seg-
mentation and corresponding illustration showing the outputs (a). Right:
(a) Flow diagram showing step involved in 3D reconstruction and corre-
sponding reconstructed models (top) and after applying smoothening
(bottom).
Conclusions: The use of multinuclear (23Na and 1H) MR knee data can
overcome the low and varying intensity in MR images. This approach
enables AC regions to be automatically segmentedwith advanced image
processing techniques. Reconstructed 3D articular cartilage models can
be used to assess morphology of AC in different compartments.
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Abstracts / Osteoarthritis and Cartilage 22 (2014) S57–S489 S267Purpose: Anterior cruciate ligament (ACL) rupture is associated with
acute joint trauma and chronically altered joint mechanics, and with
increased risk of incident radiographic knee OA. Using quantitative MRI,
we have shown that themean femorotibial cartilage thickness increases
signiﬁcantly in young adults after ACL rupture, and that this increase
had a similar rate during the ﬁrst 2 years (BL/Y2) and the subsequent 3
years (Y2/Y5). The purpose of the present study was to compare
cartilage thickness change in femorotibial subregions during early
(BL/Y2) and later (Y2/Y5) follow-up, using location-independent
analysis and novel disease activity (i.e. subregional cartilage thickness
change summary) scores.
Methods: 121 young active adults with an acute ACL rupture were
studied as part of the KANON RCT. Sagittal MRIs were acquired within 5
weeks of the rupture (BL), and at Y2 and at Y5. 117 participants had BL,
112 Y2 and 112 Y5 images; 107 had Y2 and Y5 images (81 men, 26
women; median age 25.6y; age range 18–36). Cartilage thickness in the
medial (MFTC) and lateral (LFTC) compartment was measured after
segmentation of the medial and lateral tibial (MT/LT) and weight-
bearing femoral (cMF, cLF) cartilage. Thickness was analyzed in 16
femorotibial subregions (8 medial, 8 lateral, 10 tibial, 6 femoral), and
thickness changes in these subregions were summarized using an
ordered value (OV) system: the magnitude of change in the subregion
with the strongest thinning was assigned to OV1, the one with the
second strongest thinning to OV2, and so forth, and the one with the
strongest thickening to OV16. A total femorotibial subregional cartilage
thickness change score (ThCChS) was computed by summarizing
magnitudes of all subregions, independent of their direction (i.e.
thickening or thinning). Further, a total femorotibial subregional carti-
lage thickening (ThCTkS) and thinning (ThCTnS) scorewas computed by
summarizing the changes across all subregions with thickening or
thinning, respectively. Comparisons between early and later follow-up
was performed using paired t-tests.
Results: The annualized increase in MFTC cartilage thickness from
Y2/Y5 (þ24 mm; 95% conﬁdence interval [CI] 17,31 mm) was very
similar to that between BL/Y2 (þ25 [10,40] mm; Table 1). Two of 16
subregions (the posterior medial and lateral tibia; pMT and pLT)
showed signiﬁcant cartilage thinning during early follow-up that was
not seen later (Table 1). OV1 (the subregionwith the strongest thinning)
exhibited a change of 115 mm [130,100] during early, and a much
smaller change during later follow-up (54 mm [62,47]). Similar
signiﬁcant differences were observed for OV 25 and for OV 1116,
with OV16 exhibiting much stronger thickening early (þ116 mm
[104,128]) than later (þ69 mm [63,75]). Differences in the TCChS
between early (902 mm [836;967]) and later (483 mm [452;515]) follow-
up were striking, and so were those in ThCTkS and ThCTnS (Table
1).When dividing the cohort into tertiles of ThCChS change, no obvi-
ous difference was noted in terms of sex, age, height, weight, or body
mass index (BMI) between upper and lower tertiles (data not shown).Table 1
5 Year cartilage thickness change (mm/a) after ACL rupture.
Early Follow-up (BL/Y2) Later Follow-up (Y2/Y5) Later vs. Early
Mean SRM Mean SRM P value
MFTC +24* +0.29 +23* +0.54 0.90
LFTC +5 +0.05 +8 +0.18 0.71
MT +5 +0.11 +11* +0.49 0.28
cMF +19* +0.34 +12* +0.42 0.31
LT 6 0.13 +6* +0.22 0.04
cLF +11* +0.21 +3 +0.09 0.17
pMT 10* 0.20 +9* +0.28 0.002
pLT 41* 0.49 3 0.07 <0.001
OV1 118 1.52 54 1.36 <0.001
OV16 +116 +1.77 +69 1.28 <0.001
ThCTkS +500 +1.23 +308 +1.58 <0.001
ThCTnS 408 1.39 175 1.17 <0.001
ThCChS +908 +2.57 +483 +2.96 <0.001Conclusions: Substantial subregional cartilage thickness increase and
decrease appear to take place simultaneously within two years after
ACL rupture. These changes are not captured when cartilage thickness
change is measured at total plate, compartment or joint level. The
strongest subregional cartilage thinning during early follow-up co-located with acute posttraumatic bone marrrow lesions and osteo-
chondral fractures, but varied in location between patients. OVs were
therefore statistically superior in unraveling differences in cartilage
thickness change between early and later follow-up. The novel struc-
tural disease activity scores of cartilage thinning (CTnS), thickening
(CTkS) and total change (CChS) are highly efﬁcient in describing the
different aspects of subregional cartilage change. They may thus be
important when relating structural imaging observations of cartilage
change to wet biomarker analyses of cartilage turnover.
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Purpose: Cartilage transverse MRI relaxation time (T2) is known to be
associated with cartilage composition, particularly with hydration and
collagen content, and collagen orientation. T2 represents a promising
imagingbiomarkerof “early”OA.Theobjectiveof this studywas toexplore
longitudinal change of T2 in medial femorotibial cartilage during matu-
ration in a sample of top volleyball athletes at the end of adolescence.
Further, we explored longitudinal T2 change associated with potential
cartilage degeneration in another sample of patients with posterior cru-
ciate ligament (PCL) rupture, who are known to loose cartilage rapidly.
Analyses were conducted for both deep and superﬁcial cartilage layers, as
both differ in hydration status and collagen architecture.
Methods: The dominant knees of 18 young volleyball athletes (8 men,
10 women, age 15.9  0.6 y, BMI 21.5 1.8), who trained twice per day
for approx. 2 hours, were followed over 2 years. Twelve patients (10
male, 2 female, age 39.6  9.9 y, BMI 28.3  4.5) who had isolated and
combined PCL injuries and reconstructive PCL surgery 4 to 14 years
earlier were studied over 1 year. A sagittal 2D multi-echo spin echo
(MESE) sequence with 6 echoes (TEs 9.7, 19.4, 29.1, 38.8, 48.5, and 58.2
ms; TR 1500 ms, in-plane resolution 0.31 mm, slice thickness 3 mm)
was acquired at 1.5T (Siemens Avanto). T2 was calculated using non-
linear curve ﬁtting with exclusion of the ﬁrst echo (9.7 ms). Seg-
mentation of the medial tibia (MT) and central, weight-bearing medial
femur (cMF) was performed using images with the shortest and lon-
gest echo, with an optional overlay of the T2 values. The mean carti-
lage T2 was extracted for the superﬁcial (top 50%) and deep layer
(bottom 50%). Paired t-tests were used to explore the T2 differencesbetween baseline and follow-up and unpaired t-tests to compare men
and women. The association between T2 and cartilage volume change
(from T2 map segmentations) was analyzed using Pearson correlation
coefﬁcients.
Results: In theyoung volleyball athletes, a signiﬁcantdecrease in cartilage
T2was observed in the deep layer ofMTand cMF (p¼<0.01; Table 1); the
